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Abstract 

From the definition of the standard Perelomov coherent states 
(PCS) we introduce the Perelomov number coherent states (PNCS) 
of the su(l, 1) Lie algebra for any realization of its generators. The 
displacement operator allows to apply a similarity transformation to 
the ^^(l, 1) generators and construct a set of operators which close 
the su{\, 1) Lie algebra, being the PNCS the basis for its unitary ir- 
reducible representation. We evaluate the Schrodinger's uncertainty 
relationship (SUR) for a position and momentum-like operators (con- 
structed from the Lie algebra generators) in the PNCS and show that 
it is minimized for the PCS. We obtain the time evolution of the PNCS 
and the algebra generators, and prove that the SUR gets its minimum 
at t = and for the standard PCS. Also, we obtain analogous re- 
sults to these for the SU (2) PNCS. We emphasize that our treatment 
is strictly algebraic and does not depend on the explicit form of the 
PNCS, even we report these states. 
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1 Introduction 

Erwin Schrodinger introduced the coherent states (CS) in quantum mechan- 
ics while he was looking for a system which possessed a classical behavior 
[1]. The coherent states were reintroduced in quantum optics by the works 
of Glauber [2], Klauder [3] and Sudarshan [1]. These states are related to the 
Heisenberg-Weyl group. There are three equivalent approaches to obtain the 
harmonic oscillator coherent states [5] : a) as eigenstates of the annihilation 
operator (Glauber's approach), b) as the action of the displacement operator 
on the ground state (Klauder's approach), or c) as the Heisenberg minimum 
uncertainty states (Schrodinger's approach). 

The Klauder's approach for the one- dimensional harmonic oscillator co- 
herent states were generalized by introducing the displacement number states 
or number coherent states of the harmonic oscillator (NCSHO). Boiteux and 
Levelut defined these states by applying the Weyl operator to any state \n) of 
the harmonic oscillator and they called them semicoherent states [6]. After 
the introduction of the NCSHO, Roy and Singh [7], Satyanarayana [8], and 
Oliveira, Kim, Night and Bu^ek [9] gave a detailed study of the properties of 
these states. More recently, Nieto [TU] reviewed the properties of the NCSHO 
and derived the most general form of these states. 

However, the Heisenberg-Weyl is not the only group for which we can 
construct coherent states. In the 70's, the works of A. O. Barut and L. Gi- 
rardello [11] and Perelomov [12] generalized the concept of coherent states to 
general systems related to any algebra of a symmetry group. In particular, A. 
O. Barut and L. Girardello generalized the Glauber's approach of harmonic 
oscillator coherent states by studying the eigenfunctions of the su{l, 1) Lie 
algebra annihilation operator. Perelomov generalized the Klauder's approach 
to any Lie algebra by defining the coherent states as the vacuum displaced 
states, where the displacement operator depends on the Lie algebra gener- 
ators. These approaches remain as current research fields as it is shown in 
references [131 [S]. In particular, related to the su{2) and su(l, 1) Lie alge- 
bra several works have been published, and some of them are [151 CSl HT] - 
The standard Perelomov coherent states have been obtained successfully for 
many problems, reported in the references [TU [191 ISO]- Also, the coherent 
states have been obtained for the hydrogen atom [2T1 [221 [231 [211 [25]; 
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A'^-dimensional hydrogen atom and harmonic oscillator [25] (related to the 
su{l, 1) Lie algebra), the Morse [271 [Ml 121] (related to the su{2) Lie alge- 
bra) the Poschl- Teller [301 ED [22] and the pseudoharmonic oscillator [33] 
potentials (related to the su{l, 1) Lie algebra), and for the two-dimensional 
harmonic oscillator and Landau level states [311 ESI ESI [37] . 

On the other hand, the Heisenberg uncertainty relationship was general- 
ized by the work of Schrodinger [3H] and Robertson [32] for any two observ- 
ables. Recently these uncertainty relationships were generalized to several 
observables and several states [ID]. With these works, the Schrodinger's ap- 
proach of the harmonic oscillator coherent states has been generalized too, 
by constructing states which minimize these generalized uncertainty relation- 
ships [H], called intelligent states (IS) [12]. 

Despite the generalized coherent states have been widely studied, the 
number coherent states for the harmonic oscillator are the only one studied 
and there are no works on the number coherent states for general systems. 
The aim of the present work is to construct and study some of the properties 
of the Perelomov number coherent states for the Lie algebras su{l,l) and 
su{2). For any realization of the corresponding generators, we apply an alge- 
braic treatment based on similarity transformations to the Perelomov number 
coherent states (PNCS) for the su{l, 1) and su{2) Lie algebras. Hence, we 
construct a set of operators which act on the PNCS and show that these op- 
erators close the su{l, 1) (sm(2)) Lie algebra, being the PNCS the basis for 
its unitary irreducible representation. We evaluate the Schrodinger's uncer- 
tainty relationship for a position and momentum-like operators (constructed 
from the Lie algebra generators) in the PNCS and show that it is minimized 
for the PCS. Finally, we obtain the time evolution of the PNCS and the 
algebra generators. We prove that the SUR gets its minimum at time equals 
zero and for the standard PCS. We emphasize that our treatment is strictly 
algebraic and does not depend on the explicit form of the PNCS, even we 
report these states. 

This work is organized as follows. In Section 2 we introduce the Perelomov 
number coherent states (PNCS) for the sm(1,1) Lie algebra. Applying the 
similarity transformations to the su{l, 1) Lie algebra generators by means of 
the displacement operator, we construct three operators which act on PNCS. 
We show that these operators close the su{l, 1) Lie algebra and that the basis 
for its unitary irreducible representation is given by the PNCS. We define two 
position and momentum-like operators for the su{l,l) Lie algebra and we 
prove that standard Perelomov coherent states are of minimum uncertainty. 
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according to the Schrodinger's uncertainty relationship. By supposing that 
the Hamiltonian is proportional to one of the generators of the su{l, 1) Lie 
algebra, we obtain the time-dependence of some of the previous results. In 
section 3, we approach the points of Section 2 for the su{2) Lie algebra PNCS. 
Finally, we give some concluding remarks. 



2 SU{1,1) Perelomov number coherent states 

The su{l,l) Lie algebra is spanned by the generators K+, and Kq, which 
satisfy the commutation relations [l3] 



[Ko, K±] = ±K±, [K_, K+] = 2Ko. (1) 

The action of these operators on the Fock space states {\k,n) ,n = 0,1,2, ...} 

is 

K+\k,n) = ^/{n+l){2k + n)\k,n + l), (2) 

K^\k,n) = ^/n{2k + n- l)\k,n- 1), (3) 

Ko\k,n) = {k + n)\k,n), (4) 

where \k,0) is the lowest normalized state. The Casimir operator K"^ = 
K±Kzp — Ko{Ko^l) for any irreducible representation satisfies = k{k — l). 
Thus, a representation of su{l, 1) algebra is determined by the number k. For 
the purpose of the present work we will restrict to the discrete series only, 
for which k > 0. 

The standard Perelomov coherent states \() are defined as [19] 



10 = ^(01^,0), (5) 

where D{^) = exp(^K^ — is the displacement operator and ^ is a 

complex number. From the properties K}^ = and K'[_ = it can be 
shown that the displacement operator possesses the property 

= expiCK^ - iK^) = D{-0, (6) 

and the so called normal form of the displacement operator is given by 

D(0 = exp(CK+) expiTjKo) exp(-C*i^-), (7) 
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where ^ = -|re-''^, C = - tanh(|r)e-*'^ and r] = -21ncosh|^| = ln(l- KP) 
By using this normal form of the displacement operator and equations 
H), the Perelomov coherent states are found to be [19] 



\o-i^-m±/-^c\Ks). (8) 



The Perelomov number coherent states are defined as the action of the 
displacement operator -D(^) on any state \k,n), instead of the lowest state 
\k,0) of the Fock space. This is the obvious generalization of equation ([5]). 
Thus, 

IC, k, n) = D{i)\k, n) = exp(Ci^+) e^vKz) exp(-C*A'_)|A;, n) (9) 

are what we call the SU{1^1) Perelomov number coherent states (PNCS). 
The last equality is due to the normal form of the displacement operator of 
equation ([7]). 

By using equations ©-dl]), we obtain the action of the three exponentials 
on an arbitrary state \k^n) of the Fock space 

^(-C^^l, , ^ {-Cr ( n\{2k + n-l)\ 

/ ; \k,n) = > ; — 7 rr— rr \k,n—m), 

^ ml ' ' ' ^ m! \(n-m)\(2k + n-l-m)\J ' " 

(10) 

f M2r|..„>.f;(!?M|,,„), (n) 

^-^ ml ^-^ ml 

m=0 m=0 

V i^lfc n) - V ^ ( {n + m)li2k + n)l \ ^ 
From these results we obtain the PNCS in the Fock space 

C ^ (-C) 



— /-s / /•*\m 



n]„,{n — mY^^ 



s\ — ' m\ 

s=0 m=0 



X 



\/ {2k + n — l)m(2A; + n — m)s|A;, n — m + s), (13) 



where we used within the square root the Pochhammer's notation, (a)„ = 
a(a — l)...(a — n + 1) and (a)" = a(a + l)...(a + n — 1). These states generalize 
the Perelomov coherent states ([HD, which are obtained by setting = 0. 
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2.1 SU (1,1) ladder operators linking two consecutive 
PNCS 

We look for the operators L± and Lq which act on the PNCS as follows 

L±\C,k,n) = A±|C,fc,n±l), (14) 
^olC,^,'^) = AolC,^,^)- (15) 

To achieve this we use the definition of the PNCS, equation (|9]), which allows 
to obtain 

L^D{0\k,n) = X^D{0\k,n±l), (16) 

LoD{0\k,n) = XoD{0\k,n), (17) 

or 

D^{OL±D{0\k,n) = \^\k,n±l), (18) 

D^iOLoDiO\k,n) = \o\k,n). (19) 

Notice that the states on these equations are those of the unitary irreducible 
representation for the sm(1, 1) Lie algebra. Hence, by comparison of equa- 
tions (fT8|) and (fT9|) with equations ([2])-(j4]), and using the properties of the 
displacement operator -D(^), we obtain 

L± = D{OK±D\0, Lo = DiOKoD^O, (20) 

and the explicit form of X± and Aq is given by 

A+ = V(n + l)(2A; + n), A_ = Vn(2A; + n - 1), Xq = k + n. (21) 

The substitution of these values into equations ffTll) and (fT^ allows to obtain 
the action of the operators L± and Lq on the PNCS 

L+IC, k, n) = v/(n+l)(2A; + n)|C, k,n + l), (22) 

L_|C,A;,n) = ^/n{2k + n - l)\C,k,n - I) , (23) 

Lo|C,A:,n) = (A: + n)|C,A;,n). (24) 

On the other hand, by performing the similarity transformation f l20|) on the 
sti(l,l) commutation relations ([1]), we conclude that the operators L± and 
Lq also satisfy the su{l, 1) commutation relations 

[Lo,L±] = ±L±, [L_,L+] = 2Lo. (25) 
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Results above are very interesting since they show that L± and Lq content 
the same algebraic structure that operators K± and Kq, being the PNCS the 
new basis to get the unitary irreducible representation for the Lie 
algebra. 

The rest of this section if advocated to obtain explicit expressions of the 
L± and Lq operators in terms of Kq and K±. By using the Baker-Campbell- 
Hausdorff identity 

e-^Be^ = B + ^[B^A] + ^[[B^A^A] + A], A] + (26) 

and equations (3)-(5), we can find the similarity transformations D\^)Kj^D{^), 
D^{i)K^D{i) and D\CjKQD{i) of the sm(1, 1) Lie algebra generators. These 
results are given by 

D\i)K^D{i) = ^aKo + /3 + jK^^ + (27) 



(28) 



DKmoD{0 = (2/3 + l)K, + + (29) 

where a = sinh(2|^|) and /3 = | [cosh(2|^|) - 1]. 

Since D\^) = D{—^), the explicit form of the operators L±. is obtained 

from the similarity transformations (127|) and (!28l) by replacing ^ — j- — ^, 
obtaining 

= -^«^o + - 1) + jK^^ + (30) 

L„ = -^«^o + - 1) (k^ + p<+^ + K.. (31) 
In a similar way the transformation of the operator Kq leads to 

U = DiOKoD^O = (2/? + l)A'o - ^A-^ - ^^K- (32) 
With these results we achieve our purpose. 
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2.2 Schrodinger's uncertainty relationship for the SU (1, 1) 
PNCS 

From the SU{1, 1) group ladder operators and K_, we define the X and 
Y operators as 



X = K^ + K_ 



Y = i{K+ - K_). 



(33) 



With these equations we can compute the quadratic deviations of the oper- 
ators X and Y for the Perelomov number coherent states 



(AX)2 = (C, k, n\X\, k, n) - (C, k, n|X|C, k, n)\ 
(AF)2 = (C, k, n\Y\, k, n) - {(, k, n\Y\C, k, n)\ 



(34) 
(35) 



The definition of the Perelomov number coherent states ([9]) and the similarity 
transformations, equations fl27|) and (1281) . leads to obtain 



(ClX'lC)n = a\k+nf ( 2 + ^ + -I ) +2{n'+2kn+k) 



(CI^IC), 



a{k + n) 



(r + 0, 



(2 + I + I) (/?^ + /?) + i 

(36) 
(37) 



and 

{C\Y\):, = a\k+nf 



-2{n^+2kn+k) 



(CI>^IC), 



ia(/c + n) 



(/?' + /?) + ! 
(38) 
(39) 



By substituting these results into equations and (15^ . we obtain the 
quadratic deviations of the X and y operators 



and 



{^X)l = 2{n^ + 2kn + k) 



{/XY)l = 2{n^ + 2kn + k) 



2 + ^ + ) (/32 + /3) + 1 



(/?' + /?) + ! 



(40) 



(41) 
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Hence, the product of these quadratic deviations is 



(AX)2(Ay)2 = A{n'+2kn+kf { {(5^ + 



+ 4(/32 + /3) + l 



(42) 

The Schrodinger's uncertainty relationship states that the product of the 
quadratic deviations of any two operators X and Y satisfy [38] 

(AX)2(Ay)2 > {Ff + i(C)2, (43) 

where, (C) = -i{[X,Y]), and (F) = {\{X,Y} + {X){Y)) is the quantum 
correlation of the operators X and Y . 

If we use equation ^ and the similarity transformation method to cal- 
culate the expectation values {F) and (C) in a Perelomov number coherent 
state, we obtain 

{QXn\F\QXn)n = 2t{n' + 2kn + k){l3^ + P) " |^) ' (^4) 

(C, fc, n|C|C, fc, n)„ = A{k + n)(2/3 + 1). (45) 

By substituting the results of equations ( l42l) . (l44l) and ( l45i) into equation (H3l) . 
we conclude that the PNCS are not of minimum uncertainty, according to the 
Schrodinger's uncertainty relationship. However, for the Perelomov coherent 
states (n = 0) the equality in equation (H3|) holds. Therefore, the only states 
which minimize the Schrodinger uncertainty relationship are those obtained 
by applying the displacement operator D{^) on the lowest normalized state. 
This result is in full agreement to that previously reported in reference [19]. 

2.3 Time evolution of the SU{1, 1) PNCS 

The time evolution operator U (t) for an arbitrary Hamiltonian H is defined 
as U (t) = e"*'^*/'* [l6] . If we suppose that the Hamiltonian is proportional 
to the group operator Kq, we can write the time evolution operator as 

U{t) = e-^^^«*/^ (46) 

With this definition, the BCH identity and equation ([1]), we can compute the 
time evolution of the su{l, 1) algebra ladder operators K± with the similarity 
transformations 

K+{t) = U^{t)K+U{t) = K+e*^*/^ (47) 
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K_{t) = U\t)K^U{t) = J^_e-*^*/^ (48) 

Notice that we can obtain the same results by using the Heisenberg equations. 
Thus, from equation (|9]), the time evolution of the PNCS |C(^)) k, n) is given 

by 

|C(t),A;,n) = UmXn) = U{t)D{i)U\t)U{t)\k,n) . (49) 
From equation (j4]), the time evolution of the state \k, n) is given by 

U{t)\k,n) = e-'^('=+")*/''|A;,n). (50) 

Hence, we must to calculate U{t)D{C,)U'^ (t). From equations ( l47l) and (l48il 
we find that 

U{t)Dm^{t) = e«^+(-*)-ei^-(-t) = ^^i-t)K^-a-trK.^ ^5^) 

where we have introduced the time-dependent complex ^(t) = ^e^"'*^'^. Thus, 
the time evolution of the displacement operator D{^) is due to the time 
evolution of ^(t). The time evolution of the displacement operator in its 
normal form is given by 

D (e(t)) = U^{t)D{^)U{t) = t/t(t)ef^+e''^0e-^*^-?7(t). (52) 

By defining the time-dependent complex C(t) = ('e*'''*/^, we obtain that the 
time-dependent normal form of the displacement operator D{^) is 

D(^(t)) = e^W^+e''^«e-«*)*^-. (53) 

With the previous results and equations ( l50l) and ( 1531) . we obtain that the 
time-dependent PNCS are 

\at),k,n) = e-*^('=+")*/V(-*)^+e''^«e-«-*)*^iA;,n). (54) 

Thus, the time evolution of the PNCS for the sn(l, 1) algebra is obtained by 
adding the phase e"'''^(''+")*/'^ and substituting ( C(-0 and C* C{-t)* 
into equation f|T3|) . The expression of equation (15^ generalizes the Perelomov 
coherent states, which are recovered by setting t = and n = 0. The results 
of this Section can be extended to the cases in which the Hamiltonian depends 
on a linear combination of the algebra generators, instead of just Kq. 
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2.4 Time-dependent Schrodinger's uncertainty relation- 
ship for the SU{l,l) PNCS 

The time evolution of the operators X and Y are given by the equations 



X{t) = K+{t) + K^t), Y{t) = I {K+{t) - K^{t)) 



(55) 



With these expressions we can compute the time-dependent quadratic de- 
viations of the X and Y operators. By using equations (H7|) and (HHj) . we 
obtain 



{^X{t))l = 2{n^ + 2kn + k) 
{AY{t))l = 2{n^ + 2kn + k) 



2-Le- 



(56) 



(/3' + /3) + l 



(57) 

We remark that these results can be obtained by substituting ^ — )■ ^{t) on 
the non time- dependent quadratic deviations of the PNCS. Thus, 



{AX{t))l = 2{n^ + 2kn + k) 



{AY{t))l = 2{n^ + 2kn + k) 



r(t) , m 



2 - 



m e(t) 
at) m 



(/?' + /3) 



(/3' + /3) 



(58) 



(59) 



e(t) e(t). 

These equations generalize the results of equations ( 140|) and ( 14T]) . which are 
obtained by setting t = 0. Likewise, the time-dependent expectation values 
(F) and (C), evaluated in the PNCS, are 



(F(t))„ = 2i{n^ + 2kn + k){p^ + {3) 



(C(t))„ = 4(A; + n)(2/3 + l). 



(60) 
(61) 

By substituting these results into equation fHSl) we deduce that, when we take 
into account time, the only PNCS for the su{l, 1) algebra which minimize the 
Schrodinger's uncertainty relationship are those for which n = and t = 0, 
namely, the standard Perelomov coherent states. 
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3 SU{2) Perelomov number coherent states 

In what follows, the results for the su(2) Lie algebra are obtained in a similar 
way to those for the su{l, 1) Lie algebra. 

The su{2) Lie algebra is spanned by the generators J+, J_ and Jq, which 
satisfy the commutation relations 



[Jo,J±] = ±J±, =2Jo. (62) 

The action of these operators on the Fock space states {\j, fi) , —j < fJ- < j} 

J+\3, ^J) = VU - f^)ij + f^ + W, + 1), (63) 



IS 



J- 1 J, /i) = V(j+/i)(j + /i - 1) , (64) 

MJ^f^) = (65) 

The displacement operator -D(^) is 

DiO = eMCJ+-CJ^)- (66) 
By means of Gaussian decomposition, the normal form of this operator is 

DiO = exp(CJ+) exp(r/Jo) exp(-CV„), (67) 

where C = -tan(i^)e-^^ and r/ = -21ncos|^| = ln(l + |CP) [IS]. 

The SU{2) Perelomov coherent states, \() = D{^)\j, —j) are given by [19] 



10 = E 



(2j)! 



(i + icr)-^e+ij,s). (68) 



In a similar way to the definition dH]), the Perelomov number coherent 
states for the su{2) algebra are defined as the action of the displacement 
operator -D(^) on any state |j, /i), instead of the lower state of the 

Fock space. Thus, 

IC, J, yu) = D{0 \j, /i) = exp(C J+) exp(?7 Jo) exp(-CV_) |j, fi) (69) 

where we have used the normal form of the displacement operator, equation 
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The action of the three exponentials on an arbitrary state of the Fock 
space (/i = -j, -j + 1, ...J - 1, j), is 



oo 



(71) 



n! ■'^ — ' n 

n=0 n=0 



£~'-'''''°S^v b+.w-M-n)! j 

Therefore, the PNCS of the su{2) algebra in the Fock space are given by 

s=0 ■ n=0 

X V(i + ^ - - + n)s\j,l^- n + s), (73) 

where we have used into the square root the Pochhammer's notation. The 
SU{2) PCS of equation fl68l) . are recovered by setting /i = —j in the last 
equation. 

3.1 SU (2) ladder operators linking two consecutive PNCS 

From equations ( !63l) . (j64l) . (j65l) and ( !69l) . we show that the operators which 
link the SU{2) PNCS |C,J» to |C,j,yU± 1) are 

/+|C,J» = VO--/i)(j + /i+l)|C,J,/i+l), (74) 



^-ICj,^) = V(j+/i)(j-/i + l)|C,J,/i-l), (75) 

^oICj,^) = /^ICj,^) (76) 

where, I± = D{OJ±D^{0- 

On the other hand, the similarity transformation on the operators Jq and 

J± 

I± = D{OJ±D\0, Io = D{OJoD\0, (77) 
leads to show that 

[/o,/±] = ±/±, [/+,/_] =2Jo. (78) 
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Thus, the operators I± and Jq satisfy the su{2) Lie algebra. Also, from 
equations ( 171|) - (|75]) we observe that unitary irreducible representations of 
the su{2) generators, I± and Jq, are given by the PNCS. 

The similarity transformation of the su{2) Lie algebra generators are com- 
puted by using of the Baker-Campbell-Hausdorff identity and equations (|62|) . 
They are 

D^{OJ+D{0 = -|| ^"/o + e (^J+ + ^J-^ + J+, (79) 



(80) 



D\OJ-DiO = -^^^0 + e (j- + ^ J+) + J-, 

D^OJoDiO = (2e + 1) Jo + II J+ + ^ J_, (81) 

where 6 = sin(2|^|) and e = i [cos(2|^|) - 1]. 

From equations (1791) -( IHTi) . and the property D\^) = D{—^), we obtain 

/+ = ^5Jo + e( J+ + ^J_ ) + J+, (82) 



^6Jo + e(j^ + ^J+)+J^, (83) 



/o = (2e+l)Jo-||j.-§J- (84) 

These equations are the explicit form of the operators I± and Iq in terms of 
J± and Jq. 



3.2 Schrodinger's uncertainty relationship for the SU (2) 
PNCS 

The X and Y operators for the su{2) algebra ladder operators are defined as 

m 

X = J+ + J^, Y = i{J+-J^). (85) 

The quadratic deviations product for the X and Y operators in the SU (2) 
Perelomov number coherent states is 

{AX)liAY)l = Aij+f-f,r^ie' + er 

(86) 



+ 4(e2 + e) + 1 
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If we use equation fl69l) and the similarity transformation method, the 
expectation values (F) and (C) in a SU{2) PNCS are given by 

(C, J, ^|F|C, J, i^)n = 2t{j + f - fi'){e' + e) - , (87) 

(C,J,//|C|C,J, /i)„ = -4/i(2e + l). (88) 

By substituting the results of equations (jHSD, (157|) and (155]) into equation 
we conclude, again, that the SU{2) PNCS are not of minimum uncer- 
tainty, according to the Schrodinger's uncertainty relationship. Moreover, 
likewise the SU{1,1) PCS, the SU{2) PCS satisfy the equality in equation 
f H3|) . Therefore, the only states which minimize the Schrodinger uncertainty 
relationship are those obtained by applying the displacement operator D{^) 
on the lowest normalized state. 



3.3 Time evolution of the SU{2) PNCS 

As for the case of the sw(l, 1) algebra, we will suppose that the Hamiltonian 
is proportional to the group generator Jq. Hence 

U{t) = e-'^■^o*/^ (89) 

This implies that the time evolution of the su{2) algebra ladder operators 
J± are 

J+ = U\t)J+U{t) = J+e'^*/^ (90) 

J_ = U\t)J_U{t) = J_e-'^*/^ (91) 

Thus, by using equation f l^U]) . the time evolution of the SU{2) PNCS \({t),j, //) 
are given by 

From equation f l65p . (190 p and (191]) . and the definitions ^(t) = ^e*"^*/^^ and 
C(t) = Ce*'^*/'^, we can show that the time-dependent SU{2) PNCS are given 
by 

\C{t),3,^i) = e-*^^*/V(-*)-^+e^-^Oe-^(-*)*-^-|C,fc,ri). (93) 

Therefore, the time evolution of these states is obtained by adding the phase 
e-'^^'*/''' and substituting C ^ C(-^) and C* C(-^)* into equation fl73]) . 
Equation fl93]) generalizes the SU{2) Perelomov coherent states, which are 
recovered by setting t = and fi = —j. 
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3.4 Time-dependent Schrodinger's uncertainty relation- 
ship for the SU{2) PNCS 

The time evolution of the su{2) operators X and Y are given by 

X{t) = J^it) + J_(t), Y{t) = I (J+it) - J^t)) . (94) 
With these equations we obtain the quadratic deviations of the SU (2) PNCS 

at) , m 



2 + 



(95) 



(96) 



m e(t), 

where we have substituted the time-dependent complex ^(t) = .^e*'^*/'*. The 
expectation values {F{t)) and (C(t)) evaluated in the PNCS for the su{2) 
algebra are 



{F{t)U = 2t{j+f-f,'){e' + e) 



(97) 



(C(t))„ = -4M2e + l). (98) 

Therefore, with these results and equation ( 143|) . we prove that the stan- 
dard PCS for the su(2) algebra are the only states which minimize the 
Schrodinger's uncertainty relationship, even if we take into account time. 



4 Concluding remarks 

We have constructed the Perelomov number coherent states and the time- 
dependent Perelomov number coherent states for the 5^(1, 1) and su{2) Lie 
algebras. Based on the similarity transformation method, we built a set of 
ladder operators that close the respective Lie algebra and proved that the 
PNCS are the basis for its unitary irreducible representation. We introduced 
the position and momentum-like operators and showed that the Schrodinger's 
uncertainty relationship is minimized only for the standard Perelomov coher- 
ent states, even we considered their time evolution. We emphasize that all 
of our results are the most general, since they do not depend on the par- 
ticular realization of the Lie algebra generators. Thus, with our procedure 
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we can construct the PNCS for any problem which accept to be treated for 
the su{2) or su{l, 1) Lie algebra, as for example, to those we mentioned in 
the Introduction of this paper. Some other problems for which it is immedi- 
ate to obtain the PNCS with our treatment are the Gendeshtein and Morse 
potentials |17], the Mie type-potential |18], the particle moving on a cone 
and bound to its tip by 1/r or harmonic oscillator potentials [IH], the rela- 
tivistic hydrogen atom [SUl EI] and to the many su{l, 1) solvable potentials 
important in atomic and molecular physics [52] . 
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